This work investigates the dehydrogenation of TiH 2 powder during isothermal heating at 600°C using the static x-ray scans of high temperature x-ray diffraction (XRD). As-received TiH 2 powder with a particle size of 5 µm and purity of 99.1% was used for this measurement. With increasing temperature, phase transformations occurred because of dehydrogenation and it happened very fast. It was found that during the phase transformation of TiH 2 to titanium, some transitional phases observed and occurred. This finding confirmed the in-situ determination of TiH 2 powder dehydrogenation by using Rietveld Refinement Method from our previous research. This study is useful for the fabrication of titanium-based composites and titanium alloys from TiH 2 powder because the different phases in TiH 2 will affect the final mechanical properties in titanium.
Introduction
TiH 2 powder is a better starting material compared to titanium powder for the production of powder metallurgical components. TiH 2 powder is much cheaper as it is an intermediate product in the production of titanium powder, if using the hydride-dehydride (HDH) process. The current cost of TiH 2 powder, based on the market price of the Sumitomo Corporation in Japan (2011), it was roughly one-third of that of titanium powder. It makes TiH 2 powder as an alternative for titanium components fabrication.
The existence of hydrogen in titanium has positive and negative consequences. Some of the advantages of using TiH 2 powder compared to titanium are the sintering temperature can be lowered by 200°C [1] , it has low adherence with the metal die during cold pressing, lower oxygen content compared to titanium and cost effective. Besides, hydrogen also has been used as the temporary alloying element in titanium and titanium alloy and this is called thermo-hydrogen processing (THP). In THP, final mechanical properties can be improved and microstructures can be controlled [2] . However, if excess hydrogen remains in the final product, it can degrade the mechanical properties of the titanium as we have observed in our previous work [3] . Hence, the dehydrogenation of TiH 2 powder is found to be crucial in titanium.
In Ti-H phase diagram, TiH 2 appeared as δ-phase and has about 50-66.7at% of hydrogen content. β-phase has hydrogen content from 0 to 50at%, while α-phase has even lower hydrogen content that is from 0 to 8.5at% [4] . There are massive researches have been done on dehydrogenation behaviour of TiH 2 powder [5, 6, 7, 8] . However, none of them have observe the transitional phases during the dehydrogenation. In this work, static x-ray scans using hightemperature XRD was successfully employed to observe the mechanistic steps in order to understand the dehydrogenation mechanism of TiH 2 and estimate the duration of the dehydrogenation process via isothermal heating at 600°C. Furthermore, the overlapped peaks are clearly shown.
The static x-ray scans of TiH 2 powder is the continuity of the work done earlier in our group on the determination of the phase transformation of TiH 2 powder [9] . Author has provided full crystallographic data of dehydrogenation of that TiH 2 via isothermal and non-isothermal heating. This work has confirmed the observation found by using Rietveld refinement method where the existence of transitional phases named, δ'-, β'-and α'-phase, together with the main phases, δ-, βand α-phase. At the end of the dehydrogenation process, the two α-phases (α-and α'-phase) was obtained due to the different amount of hydrogen content. The c/a ratios and amounts of α'-phase was found to be greater than the amount of α-phase. Another authors observed smaller and larger lattice parameters of each δ, β and α phases, which associated with the kinks occurred on those phases in energy-dispersive diffraction map [8] . The understanding of the mechanisms during insitu thermal dehydrogenation of TiH 2 will help in studying the application of TiH 2 powder.
Experimental Procedures
A thin layer of TiH 2 powder was placed on a platinum (Pt) strip in the high temperature chamber prior to the measurement. X'Pert PRO Multi-purpose X-Ray Diffraction System (MPD System) with Pixcel array detector (open 3.347° (2θ)) and high temperature attachment (HTK 2000) was used for this analysis [Cu tube Kα λ=1.5418 Å (45 kV, 40 mA)]. XRD scans of the Pt strip (background) was done prior to the measurements to ensure that no impurities were present which could affect the results. XRD line scans were conducted on TiH 2 powder to show the phase changes and how rapid the dehydrogenation mechanism is. Isothermal heating at 600°C was programmed throughout the high-temperature line scans with a heating rate of 10°C/min. The scan were done from 33° to 42° using a step size of 0.013° and time per step of 0.39 s. The static x-ray scans were performed at such a lower range due to the specific peaks that represent titanium and TiH 2 after full pattern analysis [9] . Analysis was conducted under vacuum (10 -4 mbar). Repeat scans were done 90 times before the sample was cooled to room temperature; approximate time for each XRD scans was ~6.25 min. Figure 1 shows the 3D surface plot of 10 static x-ray scans from a total of 90 repeated scans on heat-treated TiH 2 powder during isothermal dehydrogenation at 600°C. Based from the x-ray scan, after the first scanning (or 6.25 min), δ-TiH 2 did not start to transform into other phases yet, but during the second scan, the transformation of TiH 2 started into intermediate phase, δ'-phase. Third scan shows that most of the phases are present. Phase transformation of TiH 2 is very fast and stable after 7 scans (or after 43.75 min) from a total of 90 repeated scans. The phase transformation sequences of dehydrogenation TiH 2 to titanium via isothermal heating under vacuum environment can be expressed as [9] :
Results and Discussion
Equation 1 supported the Ti-H phase diagram where TiH 2 , exists in δ form will transform into β and then α phase. This equation was came out from our previous study. The finding from the static x-ray scan has confirmed our previous work. During the in-situ thermal dehydrogenation, the phase transformation of TiH 2 powder has their transitional phases named δ'-, β'-and α'-phase. Author claimed that these transition phases appeared to be similar in crystal structure but different in terms of lattice parameters. Another research on dehydrogenation of TiH 2 powder under flowing argon has concluded that the the phase transformation sequences are δ δ + α δ + α + β α + β α, during heating [8] . Authors used the energy-dispersive diffraction, where each spectrum takes only 17.4 s, therefore, they identified the transformation temperature of the phases; however, the overlapping phases were not seen. In our work, each high temperature XRD scans took ~17 min which enhanced the precision of our XRD scan data. Furthermore, the duration of in-situ thermal dehydrogenation via isothermal heating at 600°C can be estimated. 
